Introduction
Colombia is considered to be a country with an intermediate incidence of cancer within the world panorama, with rates standardised by age estimated by the International Agency for Research on Cancer (IARC) of 175.2 cases per 100,000 men, and 151.5 cases per 100,000 women, excluding non-melanoma skin tumors 1 . For cancer, there are established methods to measure the incidence and mortality by location at the population level: the population-based cancer registries (RCBP, for its initials in Spanish), which collect information on the incidence and the vital statistics systems of the countries that provide mortality data 2 .
Achieving national coverage through a group of cancer registries generates a high cost 3 ; therefore, a viable alternative is to use information from a few RCBP located in strategic areas and the mortality data available at national level. The purpose is to obtain reliable national estimates with a model that assumes that the incidence of cancer in a region can be estimated from the number of cancer deaths observed in that region, and from the observed incidence/mortality ratio in a region with similar characteristics 4 . In the country, there are currently five RCBP (Cali, Pasto, Bucaramanga, Manizales and Barranquilla); these cover 12% of the population.
The national estimate developed by the International Agency for Research on Cancer -IARC 1 is based on these two methods; but it does not offer, at province level, the disaggregation that is required for the country 5 . Due to regional variations in the country, three studies have been carried out by the National Cancer Institute (INC, for its initials in Spanish) under this perspective: the magnitude of the disease, incidence and mortality at province level [6] [7] [8] , information that is useful for planning human resource training, acquisition of equipment and provision of cancer prevention, detection, diagnosis and treatment services 9 . In addition to the estimates generated by IARC, cancer information at national level also comes from other sources that do not match each other. On the one hand, there are the INC estimates based on the data from the RCBP in Cali, Manizales, Pasto and Bucaramanga; and the national system of vital statistics. The data used from RCBP comply with international quality standards endorsed by the IARC 10 . The vital statistics system provides information on mortality, with a coverage according to data from the World Health Organization of 98.5% for 2009 11 , and a quality of 92.8% according to the analysis of the certification of mortality in Colombia, which was carried out for the 2002-2006 period 12 . On the other hand, it has been necessary to have information on the quality of cancer care, which is why passive (often administrative) records on patient care have been created. From these administrative records, reports 13, 14 which are more updated than those from RCBP have been made, but with incidence and mortality data with large differences and low reliability 15, 16 .
The objective of this article is to present estimates of cancer incidence and mortality observed in Colombia 8 , for the first five cancers in men and women (prostate, stomach, breast, cervix and colon-rectum) in the provinces, during the 2007-2011 period.
Materials and Methods
The geographic ordering of the country is defined by regions (two or more provinces), provinces (set of several municipalities), special districts, municipalities and metropolitan areas (two or more municipalities). Based on this distribution, there were estimates made for cancer discriminated by sex, for 25 locations, in 27 provinces, the Capital District and a region that grouped the provinces of Amazonas, Guainía, Guaviare, Vaupés and Vichada. Incidence information included four RCBP, with information from 2003-2007: Cali, Metropolitan Area of Bucaramanga, Manizales and Pasto. The mortality information was obtained from the official mortality databases of DANE for the period 2003-2011. The population information for the same period was obtained from the national and province estimates and projections disaggregated by sex, area and five-year age groups of DANE 17 .
The incidence/mortality ratio was calculated with the groups by cancer location, based on the tenth edition of the International Classification of Diseases. This methodology is available in the base publication of this manuscript 8 . For this article, we analyzed five locations corresponding to stomach (C16), colon, rectum and anus (C18-21), female breast (C50), cervix (C53), and prostate (C61) in the provinces. The complete information for the country is presented in Tables S1and S2.
Mortality
Cancer mortality information required some quality adjustments in which deaths of non-residents in Colombia, deaths without sex or age information, and those certified by persons other than a physician were excluded 8 . Deaths due to other ill-defined causes were not redistributed, nor were cancer cases or deaths from illdefined sites, with the exception of uterine cancer of unspecified site (C55), which was redistributed among deaths from uterine cancer of specified site (C53-C54), as it is recommended by the standard methodology 18 . The information of the province of residence was imputed by the province of occurrence of death, in those cases in which this information was not available. This allocation was not applied to the cities in which the records are located, due to the errors that could be generated when correcting this information in small geographical areas. No adjustment was made for under registration of mortality.
Estimation of incident cases A specific generalized linear model was used for each location, which assumes that the number of cancer cases follows a Poisson distribution and uses a logarithmic transformation as a link function. The model considered as independent variables sex and age group (0-14, 15-44, 45-54, 55-64 and ≤65 years), in addition to mortality as an offset variable, and it assumes that the incidence/ mortality ratio is a constant value that is related through survival 19 . The resulting model was the following:
Ln(cancer cases) -Ln(deaths for cancer) + B c + B sex + B 2 (age groups) + B 3 (sex * age groups)
The model assumed that the incidence/mortality ratios would be constant in the last five years. The national estimates for each location were the result of the sum of estimated cases in each province. Readers can consult the book already published to review more details of the methodology 8 .
Validation of the models The number of cases observed in each population registry was compared with that estimated from six different models in which the data from the registry or records not included as predictors are assumed to be unknown, making the estimate from the remaining records. Each of the first five models was weighed based on the square root of the population of each record; the sixth model corresponds to estimated data without considering weighing. The accurate fit of the models was not evaluated because they were all saturated.
To evaluate the statistical validity of each model, the difference between the number of cases detected by the registry and the number of cases estimated by the model was calculated; based on these differences, the sum of squared errors was calculated. Table  1 shows the model used for the estimations, which was generated from the weighted model with combined information from the Cali, Pasto, Manizales and Bucaramanga cancer registries, which obtained the lowest values of the sum of squared errors -SSE.
Crude rates (CR) were calculated for cancer incidence and mortality per 100,000 person-years for each of the cancer sites, according to sex and provinces of the country. The CR were standardised by age (ASR) using the direct method with the world reference population (SEGI population).
Results

Incidence of cancer
The annual national estimate of incident cases for 2007-2011 was 62,818 cases of cancer, 29,734 in men and 33,084 in women. Agestandardised cancer incidence rates (ASIR) per 100,000, in men were 151.5 and 145.6 in women (Table S1 ). Women had a lower incidence ratio than men in stomach cancer (M: F: 1.8: 1), and a similar incidence ratio in colorectal cancer (M: F; 1: 1).
In men, the highest ASIR were for prostate (46.5), followed by stomach (18.5) and colorectal cancer (12.2). Among women, the highest ASIR were for breast (33.8), cervix (19.3), colorectal (12.3) and stomach (10.3). The incidence of breast cancer was twice as high as cervical cancer, and it accounted for 23.0% of all cancer cases in women and 37.6% together with cervix. The five cancers (prostate, breast, cervix, stomach and colorectal) are responsible for more than 50% of new cancer cases in Colombia (Table   2 ). (Table S1 ). The incidence / mortality ratio was 1.8 in men and 2.0 in women. Cancers in men with the highest ASMR occurred in stomach (14.2), prostate (12.6), and colorectal (6.0). In women, breast (9.9), cervix (8.2) and colorectal (6.1) ( .2) also had the highest mortality rates from cervical cancer. For colon-rectum, the highest mortality rates occurred in Bogotá and the Old Caldas region (Fig. 1 a-e) . 
Discussion
According to these estimates, the five main locations of incidental cancers in Colombia are stomach, colorectal, breast, cervical, and prostate cancer. This is the third time that this exercise has been done for Colombia by provinces 8 , with the incorporation of the recommendations made in past editions. For the first time, data from four cancer registries, Cali, Pasto, Manizales and the Metropolitan Area of Bucaramanga are included in the estimation models, in addition to the official mortality data registered for Colombia, with 92.8% of quality in the certification. The importance of this incorporation lies in the fact that the current estimates reflect the diversity in the risk profiles for cancer incidence more for each region. A relevant factor is the quality of the information produced by the records included in the model, because they already complied with international quality standards 2 . The differences in the numbers incidence estimated by Globocan 2012 are related to the model selected, which includes data from cancer registries in South America and also for the use of estimated mortality in the country. Estimating the incidence/mortality ratio based on the last available year of the registry generated very volatile figures, so for these locations the information from the five-year period was used. However, for breast and prostate cancer, Globocan 2012 considered that this assumption would not be met with the relative recent introduction of screening for these pathologies, with a fluctuating result in the incidence/mortality ratios for these pathologies. This way, Globocan 2012 based the incidence/mortality ratio only on the result of the most recent year of reporting of population registries 20 . On the other hand, the estimated annual figures for 2007-2011 were lower when compared with the annual figures of incidence estimated in 2002-2006, because in this study the correction for under-registration of mortality was not incorporated 21 .
When contrasting the incidence and mortality information generated in Colombia using other sources 13, 14 , a great difference in figures is evident, both in absolute numbers and rates. Probably this discrepancy is due to the different methods used in the collection, processing and analysis of the data, sometimes resulting in less than 50% of the real number of patients present in the country 15 .
In general, for Colombia, standardized rates of both incidence and mortality were lower than in countries such as the United States, Australia, New Zealand and countries of South America 22 . In turn, these five types of cancer were also the main incidental cancers and the leading cause of mortality in Central and South America. However, it is highlighted that stomach cancer and cervical cancer have much higher rates than in other Latin America countries, such as Brazil, Argentina and Mexico, among others 23 .
The first three locations with the highest incidence (of cancer) in men were prostate, stomach and colon-rectum; and breast, cervix and colon-rectum in women. It is noteworthy that all the five main locations are characterized by having surgical treatment as a fundamental element in the comprehensive management of the disease. By geographical location, these cancers occur in five of the main provinces of Colombia, such as Antioquia, Bogotá, Cundinamarca, Santander and Valle del Cauca, which have the largest population. This situation implies in absolute terms (frequencies), the basis to make decisions about the number of health institutions needed in the different areas. In fact, this is corroborated in the panorama of oncology services enabled, mainly in surgery, and in these provinces of the country 24 .
The incidence and mortality from stomach cancer is one of the first causes in the country, and this behavior is similar in Latin American countries such as Argentina, Brazil, Chile and Costa Rica 23 . It is highlighted that despite the behavior, the tendency has been to decrease in recent decades 25, 26 . This decrease is attributed to the improvement in hygiene conditions and food preservation 24, 27 . In gastric cancer, the smallest difference between mortality rates versus incidence rates occurs because it is a highly fatal cancer.
Colorectal cancer corresponds to 8.3% of the incident cases in the country, and its behavior in other Latin American countries turns out to be much higher than in Colombia, even with higher rates than for stomach cancer, in countries such as the United States, Brazil and Argentina 23 . Obesity is one of its risk factors, and its behavior in the country was of high figures of overweight according to the survey of nutritional status (ENSIN, for its Spanish acronym) from 2010. The highest prevalence of excess weight occurred in urban areas (52.5%) and in women (84.1%), which may explain the behavior of the rates. In relation to prostate cancer, it is the first diagnosis most frequent in men, whose incidence rate (46.5) is below the rate for South America (60.1), but above the rate for Central America (28.4) 23 . In addition, it is the second cause of cancer mortality in Colombia, with the highest mortality rates in the coastal region and Valle del Cauca. The wide incidence ranges may be due to screening programs (prostate-specific antigen tests -PSA), to the availability of treatment services in the different regions since these provinces coincide with those with the highest percentage of Afro-Colombian population.
Something similar occurs with regional differences in breast cancer incidence rates, provinces with a large proportion of Afro-Colombian population; as well as being influenced by the availability of early detection services; and reproductive and hormonal risk associated factors, such as overweight or obesity, post-menopause, the use of menopausal hormone therapy, physical inactivity and alcohol consumption 28, 29 .
A downward trend in cervical cancer has also been found 26 , with the highest rates in provinces of the Orinoquía region. This particular case may be associated with low access in the diagnostic process for this population. According to vaccination campaigns against HPV, coverage in 2012 was above 95% in the whole country, with the exception of Caquetá (82.2%), Vichada (74.4%) and Putumayo (86.1%) for the first phase; Guainía, Vaupés and Caquetá, among others, for the second phase 30 . It is necessary to continue with the coverage of screening programs and to comply with vaccination coverage against human papilloma virus (HPV), whose prevalence is 16% in Latin America, in order to achieve early detection and elimination of precancerous lesions, and of HPV 31 .
The limitations of this study include the fact that only 12% of the population in Colombia is covered by four high-quality RCBP, and the estimates were made according to the latest available information from the RCBP (quinquennium). The processes of completeness (thoroughness) and validity of the data takes longer, which generates delays in the reports of population incidence and therefore in the national estimates.
Conclusions
Colombia, classified as a middle income country, presented higher estimates in cancers such as breast, prostate, as well as a proportion of cancers related to infection, such as stomach and cervical cancer. Estimates from RCBP strategically located within a country constitute an effective option that is currently used by different countries such as Brazil, Colombia, Turkey and China, among others 2 . However, RCBP as a standard strategy for cancer surveillance, burden measurement and evaluation of the impact of the disease 32, 33 present the difficulty of having a national coverage, a situation that lies in viability and long-term sustainability 3, 34 .
Population registries of cancer and vital statistics -DANE, provide sufficient information to produce estimates at the national and province levels. It would be desirable to improve the quality of some existing cancer registries in other areas of the country, so they can be included in the estimates, and to establish some other registries, in order to expand the current coverage (12%). Only through RCBP of good quality and long trajectory can information be obtained about changes in the incidence trends.
